
MDI Full Disk Dopplergram

(dark colors = motion toward the observer)

SOHO
The MDI instrument is designed to observe the line-of-sight motion of the Sun's photosphere, and to produce a velocity image or "dopplergram." The dominant feature here is the solar rotation, which appears as a shift from dark to light across the Sun's disk.



MDI Full Disk Dopplergram
 showing superanular convection cells

on the Sun’s surface

SOHO
Subtracting the average solar rotation signal from a 45- image average of full disk dopplergrams enhances the surface motions associated with solar convection. Convective flow transports material and energy from the Sun's interior along narrow plumes. At the surface, the upwelling material then spreads out horizontally in the supergranulation pattern seen in this image. Little of this pattern is seen in the center because the motion is predominantly perpendicular to the line of sight.



MDI Full Disk Dopplergram
 showing the p-mode oscillations of the Sun

SOHO
Subtracting an average solar velocity image observed over 45 minutes from a single velocity image reveals the surface motions associated with sound waves traveling through the Sun's interior. The small-scale light and dark regions represent the up and down motions of the hot gas near the Sun's surface. The pattern falls off towards the limb because the acoustic waves are primarily radial.



Power spectrum obtained  from 2 months of
continuous MDI data (May/June 1996).  The "ridges"
of greater power result from standing sound waves

resonating within the Sun.

SOHO
These tones resonate deep within the Sun, producing surface oscillations with periods near five minutes. Only waves with specific combinations of period and horizontal wavelength resonate within the Sun. The precise combinations are related to the Sun's interior structure; they produce the fine-tuned "ridges" of greater power shown in this l-nu (period versus wavelength) diagram. These measurements allow scientists to infer the structure, composition and dynamics inside the Sun.



Fourier spectrum of global oscillations
observed by GOLF

Structure of the Solar Interior

SOHO
Very sharply defined frequencies for oscillation of the entire Sun provide one of the latest examples of SOHO's helioseismic workThese are remarkably free from background noise, especially at the lower end of the frequency range.  From these frequency measurements scientists can deduce very precisely the thermo-dynamic conditions in the core of the Sun. (Background picture by EIT.)



Temporal variations of the amplitudes of
solar p-modes as measured by VIRGO

SOHO
A wavelet analysis reveals that the different modes are excited rather independently from each other. The substantial variation of the central frequency position of the modes was surprising. The complicated structures with shifts and splitting of the modes is a result of phase wandering due to the stochastic excitation process.



An MDI dopplergram image of the Sun’s surface is merged
with a helioseismology image of the flows of plasma in the

solar interior.  The smaller diagram shows the paths of
several different acoustic (pressure) waves inside of the
Sun whose measurements reveal its internal structure.

SOHO
The colors of the solar interior shows differences in the speed of rotation of  material in the Sun. This image is made from continuous observations over a  period of 12 months beginning in May 1996. Regions shown in red are the fastest, and dark blue, the slowest. This behavior is called "differential rotation."



Polar plasma jet streams and variation in rotational
speed in the solar interior as measured by MDI

Jet streams

SOHO
The difference in speeds between various areas on the Sun, both at the surface and in the interior deduced by MDI.  Red - yellow is faster than average and blue is slower than average. Only the outer third of the solar surface is shown, where the variations are more certain. The red ovals near the poles are the newly discovered plasma “jet streams,” which move about 10% faster than their surroundings.



Solar rotation and polar flows of the Sun as deduced
from measurements by MDI. The cutaway reveals

rotation speed inside the Sun.

SOHO
The color scheme of the image represents the difference in rotation speed between various areas on the Sun. Red-yellow is faster than average and blue is slower than average. The light orange bands on the outer shell are zones that are moving slightly faster than their surroundings. The new SOHO observations indicate that these extend down at least 50,000 km into the Sun. Sunspots, caused by disturbances in the solar magnetic field, tend to form at the edge of these bands. The contour lines of the right indicate a surface flow from equator to poles and an inferred return flow at the base of the convection zone.



Radial and latitudinal variations of the sound
speed in the Sun as derived from MDI and

VIRGO measurements.  Red = hotter regions
than in standard model, blue = cooler regions.

SOHO
Concentric layers in a cutaway image show anomalies in the speed of sound in the deep interior of the Sun, as gauged by two instruments. MDI measures vertical motions due to sound waves reverberating through the Sun, at a million points on the visible surface.  VIRGO detects the solar oscillations as rhythmic variations in the Sun's brightness. The conspicuous red layer shows unexpectedly high temperatures in the transition layer between the outer (convective) zone and the inner (radiative) zone.



First image of the sub-surface temperatures
and flows in the convection zone of a star

deduced from MDI observations

SOHO
The first map ever produced that provides a detailed view of the structure and dynamics of the upper part of the convection zone. The convection zone lies directly beneath the photosphere, which forms the Sun's visible surface. The scientists constructed the map using detailed data of the Sun's surface motion provided by the Michelson-Doppler Imager (MDI) on board SOHO.The size of the region mapped is indicated on the schematic wedge of the Sun.



CELIAS chart showing new (red) and rarely observed (green)
elements and isotopes discovered in the solar wind

SOHO
The CELIAS/MTOF spectrum was accumulated over a three-day period. The elements and isotopes for which SOHO MTOF has given the first in situ spacecraft solar wind observations are in red. The elements and isotopes that are shaded green are not observed routinely by conventional solar wind experiments.



Series of solar energetic particle events observed
in July 1996 by the COSTEP instrument

SOHO
The upper panel shows images of the Sun taken on July 9, 12, 14 with the SOHO-EIT in Fe XV (284 Å).  The bottom panel shows intensities of 0.25-0.7 MeV electron, 4.3-7.8 MeV proton and 4.3-7.8 MeV/n helium nuclei measured with the COSTEP-EPHIN.  The intensity increases of the energetic particles at SOHO were caused by flares and coronal mass ejections in an active region in the Sun's western hemisphere.



Time profile of elements during the flare event of
6 November 1997, as detected by the

ERNE instrument



Galactic cosmic rays as recorded by ERNE. Galactic cosmic
radiation consists of particles originating in the Milky Way

SOHO
These particles include atomic nuclei heavier than helium possibly coming from supernovas. Due to transport effects, the galactic cosmic rays are characterized by their rising spectrum. Of this radiation, the ERNE HED (High Energy Detector) has succeeded in identifying larger amounts of at least hydrogen, helium, boron, carbon, nitrogen, oxygen, neon, magnesium, silicon and iron.



Lyman-α whole sky map as recorded by SWAN on 2 February
1996. The U-shaped yellow, bright band is the Milky Way.

SOHO
The rest of the ubiquitous emission is due to solar UV Lyman-alpha  photons, backscattered by Hydrogen atoms in the solar system.  These H atoms are coming from interstellar space and are approaching the Sun down to about 2 AU, in the direction of the incoming flow. Two areas were not covered for safety reasons, around the Sun and around the anti-solar direction.



SWAN observation of active regions on the far side of the Sun.
Active regions illuminate the distant interstellar hydrogen cloud

like a searchlight strikes clouds at night.

Active region
on the far side

Active region
now visible

SOHO
Scientists have found that they can peek around the Sun and predict whether solar storms on its far side will shortly appear on the side facing the Earth. This discovery could help predict the solar storms that sometimes threaten the Earth. 



Comet Hale-Bopp seen approaching the Sun in a time series of
 six SWAN full sky images in the ultraviolet light (1100-1800 Å)

from 4 January to 3 April 1997

SOHO
Note that as the comet slowly approaches the Sun, it increases in brightness. Hale-Bopp is clearly visible because of its huge hydrogen cloud produced by photo-dissociation of water vapor molecules evaporated from the solid nucleus.



SWAN recording of the huge cloud of hydrogen, 70
times the size of the Sun, surrounding Comet Hale-

Bopp when it neared the Sun in 1997. Ultraviolet light
revealed a cloud 100 million kilometres wide and
diminishing in intensity outwards (contour lines).

the size
of the Sun

SOHO
The cloud was generated by a comet nucleus perhaps only about 40 kilometres in diameter. The yellow circle (lower right) gives the size of the Sun. Solar UV light broke up water vapor released from the comet by the Sun’s warmth. The resulting hydrogen atoms shone by ultraviolet light invisible from the Earth's surface.



Observation of the shadow of Comet Hale-Bopp by SWAN

SOHO
Although most of the hydrogen atoms in the Solar System blow in from interstellar space, comets are surrounded by large hydrogen clouds of their own. When comet Hale-Bopp flew near the Sun parading its long tail in 1997, SOHO was already in orbit. In SWAN observations the scientists have now spotted a remarkable feature - never before seen by astronomers - the elongated shadow, more than 150 million kilometres long, of a comet projected on the sky beyond the comet.



Two “Sungrazing” comets heading in tandem
towards the Sun’s corona. They do not reappear

on the other side.

2 June 1998

SOHO
The comets follow similar but not identical orbits and enter the tenuous outer atmosphere of the Sun. Shortly after the comets disappeared behind the occulting disks of the coronagraph, a bright helical-shape prominence erupts from the Sun as  part of a CME. The planet Mars can be seen in the upper right corner while the bright star Aldebaran can be seen in the lower right part. Comets, composed of ice and dust, characteristically have particles streaming out behind them.



A comet observed by UVCS in Lyman alpha on
 1-2 May 1997 as it approaches the Sun

SOHO
UVCS captured the passage close to the Sun of a newly discovered  comet, SOHO-8/Stezelberger, moving from right to left. The comet was tracked in its path toward the Sun along a direction from the northwest limb, inclined by 30 degrees with respect to the solar equator. The comet velocity along the observed portion of trajectory was of the order of 100 km/sec. These observations were the first high-resolution (0.2 Å) UV spectroscopic measurements of a comet.



comet

 Venus

  Spectacular view of the solar corona with Venus and a
sungrazing comet (SOHO 58) as observed by LASCO

SOHO
Because LASCO occults the brightest direct sunlight with a disk, it has an excellent opportunity to discover comets that might otherwise pass unnoticed near the Sun. As of October 1999, SOHO has already discovered about 90 comets, 84 of which were sungrazing comets which did not reappear beyond the Sun.



The changing shape and structure of the corona
with the solar cycle

1997

1998

1999

LASCO C2 LASCO C3

SOHO
A comparison of selected LASCO C2 and C3 images illustrate how the Sun is changing as it approaches solar maximum.  Not only has the intensity level increased noticeably, but you can see more blasts in almost all directions as well as the structural changes.



1997 January 23 1998 November 9

A comparison of two EIT images almost two years apart illustrates how the
level of solar activity has increased significantly

Images are Fe IX/X at 171 Å showing the solar corona at a temperature of about 1 million K.

SOHO
The Sun approaches its expected sunspot maximum in the year 2000. These images are captured using Fe IX/X 171 Å emission showing the solar corona at a temperature of about 1 million K. Many more sunspots, solar flares, and coronal mass ejections occur during the solar maximum. The numerous active regions and the number/size of magnetic loops in the recent image shows the increase.



Increasing total solar irradiance as measured by VIRGO since SOHO’s launch.
The EIT full disk images show a corresponding increase in solar activity.
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SOHO
As we approach the solar maximum, SOHO is observing an increase in the total solar irradiance. Long-term tracking of the solar output is important to understanding how the Sun varies with time and how it might influence the Earth's climate. The two gaps in the VIRGO data are due to the temporary loss of SOHO.



Total irradiance variations during solar cycles 21–23 as recorded by
several satellites since 1978. The data shaded in green is from the

VIRGO instrument.

SOHO
The plot shows how the VIRGO data extends previous measurements of the solar irradiance, which reveals a clear 11-year cycle. The variation in the total irradiance is about 0.1%. The variations on shorter wavelengths (EUV and X-rays) are much larger, up to a factor 20.



The gradual increase in solar activity as shown in the EIT and
LASCO C3 images illustrates the approach of solar maximum

SOHO
The EIT 195Å images (green) and the LASCO C3 images (blue) were selected about every nine months from 1996 to mid-1999. The EIT 304Å (27 July 1999) in the center shows significant solar activity and an erupting prominence. Solar maximum is expected to occur around mid-2000.


